Representative Rhizoctonia cultures were selected from populations of two anastomosis groups, AG-2 and AG-4. In fine textured soils AG-2 isolated from soil and from weed hosts in areas of apparently healthy and isolates predominated, whereas in the coarser textured soils numbers of crown-and root-rot diseased beets. The four sugarbeet fields assayed AG-2 and AG-4 isolates were nearly equal in one soil and AG-4 isolates during the summer and fall of 1976 differed in soil textures (sandy loam, fine predominated in the other. AG-4 isolates were significantly more virulent to sandy loam, silt loam, and silty clay loam). The selected isolates were sugarbeet seedlings than were AG-2 isolates; whereas AG-2 isolates were distinguished by cultural characteristics, anastomosis grouping, numbers of significantly more virulent than were AG-4 isolates on (6-to 8-wk-old) nuclei, sugarbeet seedling pathogenicity assays, and older sugarbeet plant plants. Binucleate isolates were avirulent to weakly virulent on sugarbeets pathogenicity assays. Multinucleate and binucleate isolates could not be in both assays. Most binucleate isolates were obtained from weeds. distinguished by cultural characteristics. Most multinucleate isolates were Recently, we reported on soil populations of Rhizoctonia solani (which aids in distinguishing multinucleate R. solani from obtained from areas of healthy and areas of crown rot-and root binucleate Rhizoctonia-like fungi, which are similar in cultural rot-diseased beets within four sugarbeet fields differing in soil appearance, mycelial morphology, and habitat) (17). Certain of texture (19). This paper is an extension of that earlier research. Its these Rhizoctonia-like binucleate fungi are pathogenic on turfgrass principal purpose is to characterize by biologically meaningful and some additional plants (21). criteria the previously described Rhizoctonia populations (19).
Recently, we reported on soil populations of Rhizoctonia solani (which aids in distinguishing multinucleate R. solani from obtained from areas of healthy and areas of crown rot-and root binucleate Rhizoctonia-like fungi, which are similar in cultural rot-diseased beets within four sugarbeet fields differing in soil appearance, mycelial morphology, and habitat) (17). Certain of texture (19). This paper is an extension of that earlier research. Its these Rhizoctonia-like binucleate fungi are pathogenic on turfgrass principal purpose is to characterize by biologically meaningful and some additional plants (21). criteria the previously described Rhizoctonia populations (19).
Our objectives were to characterize Rhizoctonia isolates Isolates from weed hosts have been included because of their obtained from soil and weeds by cultural characteristics, probable role in supporting and perpetuating R. solani populations anastomosis groupings, numbers of nuclei, sugarbeet pathogenicity in soil (1, 3) .
assays on seedlings and on older sugarbeet plants, and to relate According to current concepts, R. solani Ktihn (Thanatephorus these findings to the ecology and epidemiology of R. solani in the cucumeris [Frank] Donk) consists of four hyphal anastomosis field. groups designated AG-1, AG-2, AG-3, and AG-4 (15,24). Japanese research workers (9,13) have described additional anastomosis MATERIALS AND METHODS groups, but these have not yet been reported outside of Japan. According to Sherwood (24) , each anastomosis group is Sources and isolation of Rhizoctonia cultures. In July 1976, four characterized by distinctive morphologic, pathologic, and sugarbeet fields affected with Rhizoctonia root-and crown-rot physiologic norms, with some overlapping of isolates among disease and differing in soil textures were selected. The soil series groups. On sugarbeets (Beta vulgaris L.), R. solani may cause names, textural classes, mechanical analyses, and pHs were: several different disease syndromes (ie, damping off, root rot, Bellmore sandy loam (SL)-30.3% sand, 52.2% silt, 17.5% clay, pH crown rot, or foliage blight) depending on the pathological, 6.7; Digby fine sandy loam (FSL)-41.5% sand, 45.7% silt, 12.8% physiological, and morphological attributes of the particular clay, pH 7.1; Toledo silt loam (SiL)-27.2% sand, 43.2% silt, 29.6% isolates involved (8, 10, 23) . In Ohio, crown and root rot of clay, pH 7.0; and Toledo silty clay loam (SiCL)-7.4% sand, 55.5% sugarbeets are the most important syndromes (5, 6, 19 ). Ruppel (20) silt, 37.1% clay, pH 7.0. More complete analyses of soil chemical reported that all isolates of R. solani obtained from sugarbeet factors and cropping histories have been published elsewhere (19). seedlings, crowns, and foliage belonged in AG-4, whereas all root Within each field, four areas of beets affected by root-and crownisolates were in AG-2. Moreover, crown and foliage isolates caused rot disease (DA) and four areas of apparently healthy beets (AH) significantly more foliage blight than did root isolates, and root were chosen and plotted. Monthly soil samples from these areas isolates caused more severe root rot than did foliar or crown were assayed for R. solani (19) by a garden beet seed colonization isolates. Significant seedling damping-off was caused by all isolates method. The soil sampling and assay procedures used were of both AG-2 and AG-4. In addition, Ruppel (20) stated that the described previously (18) . One hundred twenty-six cultures, association between cultural characteristics, anastomosis groups, presumed to be R. solani, were collected from sugarbeet field soils and pathological activity made it possible to distinguish foliar and during the summer and fall of 1976 by hyphal tip isolation from crown isolates from root isolates by either cultural characteristics representative colonies. In addition, 40 cultures were isolated from or anastomosis tests.
weeds Cultural and anastomosis groupings. Before anastomosis groups abundant light-brown to dark-brown aerial mycelium and, were determined by actual pairing, the cultural characteristics of usually, abundant large brown sclerotia (2,20,24), which were isolates grown for 2 wk on PDA-YE plates were ascertained. These designated CT-2 and probable AG-2. Comparisons of these cultural types were then tentatively assigned to specific culturally determined probable anastomosis groups with actual anastomosis groups by Ruppel's method (20 Rhizoctonia-like isolates can appear to be either CT-2 or CT-4, mycelial fragment (-1.5 cm X 0.5 cm) of an unknown isolate was which emphasizes the importance of nuclear staining. In the case of taken from a rapidly growing colony on PDA-YE and placed multinucleate isolates, one CT-4 isolate was actually an AG-2; parallel to and 2-3 cm from a similar agar piece of a known AG whereas, six CT-2 were found to be AG-4. Further, six culture on an agar-coated slide. After the intermingling of hyphae multinucleate isolates failed to anastomose with known AG (3-5 days of growth at 24 C), slides were stained with cotton blue in isolates (five CT-2 and one CT-4) and could only be classified dilute lactophenol and microscopically examined for hyphal culturally. anastomoses (15).
The multinucleate isolates obtained from soil and weeds, which Septal pores and numbers of nuclei. Characteristics of the septal anastomosed with known AG reference cultures, fell into either of pore apparatus and numbers of nuclei in vegetative cells of all two groups, AG-2 or AG-4. In nearly all cases, unknown isolates cultures were ascertained by staining and microscopic belonging in AG-4 anastomosed readily with the standard AG-4 examination. Difco potato dextrose agar (Difco Laboratories, reference culture, which facilitated their assignment to the proper Detroit, MI 48232) cultures were stained by two modified rapid anastomosis group. The unknowns found to belong in AG-2 were staining procedures with 0.5% aniline blue (25) and 0.05% trypan more difficult to distinguish, because only some of the isolates blue (21), in addition to the HCI-Giemsa nuclear stain for fungi (7) .
anastomosed readily with the standard AG-2 reference culture. For Pathogenicity and virulence. All cultures were tested for our purposes, those isolates were designated as primary isolates. pathogenicity and relative virulence on sugarbeet seedlings by an
We then paired these primary isolates with other unknowns and adaptation of Schmitthenner and Hilty's (22) inoculum layer classified those that anastomosed with the primary isolates as technique. The soil mixture used was an autoclaved mixture of soil, secondary isolates. By using three known isolates (ie, the standard peat, and perlite (1:1:1). Styrofoam cups (Dart® 16M20, Dart AG-2, a primary isolate, and a secondary isolate) most unknowns Container Corp., Mason, MI 48854) of 535-ml capacity were were assignable to the proper anastomosis group. perforated with three bottom holes for drainage and used as
Of 166 cultures presumed to be R. solani, 23 did not anastomose containers. Four hundred cubic centimeters of soil mixture were with any of the four known AG reference cultures or the primary put into each cup, leveled, and a completely colonized 2% WA agar and secondary AG-2 cultures. Six of the 23 were multinucleate layer of inoculum from a petri dish culture was added. The fungi that fitted the criteria of Parmeter and Whitney (16) for R. inoculum layer was covered with 50 cc of the soil mixture, then solani. The remaining 17 were binucleate fungi (not R. solani [16] ), seeded with 25 sugarbeet seeds (cultivar US H20) and covered with which did not anastomose with known R. solani AG cultures, a final 50 cc of the soil mixture. A randomized complete block although culturally they were virtually indistinguishable from R. design was used with four replicates of each isolate. Seedling assays solani (17). Ten of the 17 binucleate isolates were obtained from were made in a greenhouse maintained at about 26 C. Numbers of weed hosts (25% of all weed isolates were binucleate). Most (60%) seedlings surviving were recorded after 3 wk.
of these binucleate isolates were from either giant foxtail (Setaria The pathogenicity and relative virulence of 32 selected faberi Herrm.) or yellow foxtail (Setaria lutescens [Weigel] Hubb.), Rhizoctonia isolates to older (6-to 8-wk-old) plants also were and all the isolates obtained from both foxtail grasses were investigated. Each replicate consisted of seven 15-cm-diameter binucleate. pots of autoclaved soil mixture each with a single sugarbeet plant Distribution of anastomosis groups. Within fields there were no (cultivar US H20) per pot. In a series of tests, three replicates per discernible differences in the distribution of specific anastomosis isolate were arranged in randomized block design on greenhouse groups between AH and DA; however, major differences were benches (temperature -26 C, with "-8,500 Ix supplemental lighting found in the occurrence and distribution of specific anastomosis 6 hr daily). Uninoculated controls and reference isolates were groups among fields having different soil textures (Fig. 1) . R. solani included in individual tests.
populations in the fine-textured SiL and SiCL soils consisted Inoculum for these tests was increased in stationary cultures in 25 predominately of AG-2 isolates; whereas, in the coarser-textured ml of Czapek's Dox broth, plus 0.1% yeast extract, in 250-ml flasks, soils, SL had nearly equal percentages of AG-2 and AG-4 isolates, grown for 1 wk at 24 C. Harvested mycelium was washed with tap and FSL populations consisted primarily of AG-4 isolates. In one water, drained, weighed, and then comminuted (two 15 sec of the fields (SiL) only AG-2 was found. In the remaining three intervals) in 100 ml of tap water in a blender. Final inoculum fields both AG-2 and AG-4 were found, and the differences in AG concentrations were adjusted to concentrations of 0.1 g (summer distribution among these fields were due to differences in frequency tests) or 0.2 g (winter tests) of mycelium (fresh wt) per milliliter of of isolation of these two specific anastomosis groups. water.
Pathogenicity and virulence. Significant differences were found Soil in the pots was infested by placing 5 ml of mycelial in the relative virulence of the 166 Rhizoctonia isolates to sugarbeet suspension into each of three holes (approximately 1 cm in seedlings. The isolates ranged from avirulent (all 25 seedlings diameter X 2.5 cm deep) made in the soil of each pot approximately surviving) to highly virulent (no surviving seedlings). (Mean = 2.5 cm from the beet root. An additional 200 cc of autoclaved soil 10.70, LSD(p=o.o5) = 5.04). The data were organized into five virumixture was added to each pot. After 3-4 wk of incubation, the lence rating groups (0, 1, 11, III, and IV; representing 21-25, 16-20, beets were removed from the pots, washed, and rated on a 0-5 11-15, 6-10, and 0-5 surviving seedlings, respectively), and the disease rating scale (0 = healthy, 5 = dead).
percentages of isolates in each virulence rating group were recorded for specific categories of isolates (Table 1) . Within fields, isolates RESULTS from healthy areas (AH) and diseased areas (DA) generally were quite similar in relative virulence, whereas among fields marked Cultural types and anastomosis groupings. Isolates with differences in relative virulence were evident. The FSL soil had the appressed, tan-white or tan to silver-gray-brown mycelium and, highest percentage of group IV (highly virulent) isolates, SiL had generally, inconspicuous sclerotia after 2 wk of growth on PDAnone, and the two remaining fields (SiCL and SL) had intermediate YE were designated as cultural type 4 (CT-4), and probable AG-4 percentages of highly virulent isolates. These results were related to types. These CT-4 isolates were distinguished from isolates with the distribution of anastomosis groups among fields (Fig. 1) . 
characterization by determinations of number of nuclei and binucleate isolates, tended to be less virulent on sugarbeet seedlings anastomosis pairings. than were isolates from soil.
The lack of cultural and morphological distinctions between The relative virulence of 32 selected Rhizoctonia isolates on binucleate and multinucleate Rhizoctonia-like fungi may affect the older plants gave quite different results from those obtained with accuracy of inoculum density assays based on recognition of R. the same 32 isolates in seedling tests (Table 2) . In Table 2 , the solani colonies by appearance and morphology in isolation plates. isolates were ranked according to relative virulence and, in both
The relative proportions of binucleate and multinucleate assays, the data spanned a continuum ranging from avirulent to propagules in the populations being assayed also should be highly virulent. Isolates within anastomosis groups mostly were ascertained. Correction for the binucleate proportions of grouped together rather than being randomly dispersed populations can then be made, if deemed necessary. throughout the entire virulence range in both assays. The collective In our study, only 5.5% of the isolates obtained from soil by the means data indicated that AG-4 isolates were significantly more beet seed colonization method were binucleate. More were from virulent to sugarbeet seedlings than were AG-2 or binucleate AH than from DA. The majority of binucleate isolates were from isolates, which did not differ significantly. In contrast, AG-2 weeds and most of these were from two species of foxtail grass that isolates were significantly more virulent than either AG-4 or yielded only binucleate isolates. The finding that weeds may exhibit binucleate isolates, and AG-4 isolates were significantly more selectivity towards binucleate or multinucleate fungi emphasizes virulent than were binucleate isolates in assays on older plants. The apparent influence of soil textures on the distribution of contention. In Table 2 , with only 32 isolates, the means of all AG-2 anastomosis groups AG-2 and AG-4 ( Fig. 1) Table 1 , the ecological specialization of these two anastomosis groups. The differences between AG-2 and binucleate isolates are quite evident existence of such ecological specialization of anastomosis groups from consideration of the percentages of isolates in the five previously was suggested (12,15,24). The fine textured, poorly virulence rating categories. The conclusion that the AG-4 isolates drained soils probably are less well aerated and have higher CO 2 were the most virulent to sugarbeet seedlings is evident in either concentrations than do the coarser textured, better drained soils. table, however. Others (11, 24) have noted the high virulence of Durbin (4) found that root rotting isolates possessed greater AG-4 isolates to seedlings and the frequent association of AG-4 tolerance of high CO 2 concentrations than did foliage and crown isolates with seedling diseases. isolates. This finding was confirmed by Watanabe and Matsuda
In contrast to the seedling pathogenicity results, AG-2 isolates (26). According to Ruppel (20) , R. solani isolates from sugarbeet were significantly more virulent than AG-4 or binucleate isolates in foliage and crowns all were classified in AG-4, whereas root assays on older plants (Table 2) . Again, the norms of virulence for isolates were AG-2's. Thus, the greater tolerance of high CO 2 AG-2 or AG-4 were distinct, but disease ratings of some isolates of concentrations by AG-2 (root isolates) may well explain their each group overlapped. Occurrence of AG-4 isolates with higher predominance in the fine textured soils (Fig. 1) . Conversely, the than average virulence on older plants in the well-aerated FSL field increased percentages of AG-4 (foliage and crown isolates) in the may explain the observed occurrence of root and crown disease coarser textured soils may be related to a competitive advantage (similar to that of the other fields), although the percentage of based on their growth rates being higher than those of AG-2 AG-2 isolates was low. The SL field, with nearly equal percentages isolates (4, 20, 24) under nonlimiting CO 2 concentrations.
of AG-2 and AG-4 isolates, represented a similar but less extreme Naiki and Kanoh (11) (Table 1) which were clearly related to the distribution of anastomosis groups (Fig. 1) .
Mean all BN 17.9 a Mean all AG-2 2.6 a More AG-4 isolates ( Table 1) for virulence of AG-4 and AG-2 were distinct, even though 'Seedling assay results based on number of surviving seedlings of 25 seed overlapping occurred with certain isolates. This indicated that a planted, virulence on older plants rated on a 0 to 5 scale (0 = healthy; certain minimum number of isolates is required to adequately 5 = dead). characterize an anastomosis group. Comparison of seedling 'Means followed by the same letter are not significantly different (P= 0.05, pathogenicity results in Table I versus Table 2 
